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Abstract
With the diquark structure of Λc, we investigate the branching
ratios of Λc → nπ+ and pπ0. The results show that without
considering the final state interaction (FSI), the branching
ration of Λc → pπ+ is only of order 10−6 whereas taking into
account the FSI effects, this ratio could reach 10−4 and is
at the same order as Λc → nπ0. Concrete values depend
on phenomenological parameters adopted in the calculations.
These branching ratios can be measured in the experiments
to come.
PACS numbers: 14.20.Lq, 13.30.-a, 12.39.Hg, 12.39.-x
I. Introduction
In the recent years, there are remarkable progresses in heavy flavor physics for both
theoretical framework and applications. As long as heavy flavors are involved in the
concerned physical processes, due to an extra symmetry SU(2)f ⊗ SU(2)s, calculations
become simpler and more reliable, and the physics picture is clearer as well [1]. Based
on the understanding, the heavy quark effective theory (HQET) has been established [2]
and applied to investigate the physical processes. In the HQET, at the leading order of
1/mQ expansion, the non-perturbative QCD effects are attributed into one form factor,
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i.e. the Isgur-Wise function. With it, one can make predictions and extract significant
information from data, such as the CKM entries.
Heavy-meson related processes have attracted intensive interests because a great amount
of data about B and D have been accumulated so far. By contrary, the processes of heavy
baryons have not received as much attention as for mesons. The reason is two-fold. First,
there are not sufficient amount of data on heavy baryons available yet. Secondly, one has
to deal with a three-body problem theoretically which is much more complicated than
the meson case. On the other side, there are many unsolved problems for baryons, for
example, the lifetime of Λb is 27% shorter than that of B-meson, and it indicates the
shortcoming of the spectator scenario [3].
The diquark picture was proposed a long time ago and it has been applied to study
many processes involving baryons [4]. Obviously, for a baryon containing two heavy and
one light quarks, the two heavy quarks constitute a diquark which serves as a color-field
source for the light flavor[5]. Instead, for the one-heavy and two-light quark structure, it
is suggested that the two light quarks can also form a light diquark.
In this work we are going to employ the diqaurk picture to study the Cabibbo-
suppressed Λc decays. The reason for doing such calculations is that in the near future
there will be a great amount of data on Λc decays available and probably, higher statistics
for the rare decay modes will also be achieved, so we can use the data to testify our theory.
Moreover, in these decays the final state interaction (FSI), which is also a very important
subject, is more important than that in the case of Λb. In this work, we will investigate
how much the FSI effects could change the branching ratios.
We will mainly use the factorization ansatz which is not accurate for meson decays,
as many authors pointed out [6, 7, 8]. Even though the non-factorizable effects which
are proportional to the color-octet currents may bring up some errors for the theoretical
predictions, later we will show that they do not affect our qualitative conclusion. Besides,
there are some uncertainties coming from other approximations and all of them are due
to lack of sufficient knowledge on the non-perturbative QCD.
All the weak effective vertices employed in this work are standard [9]. Then we can
calculate the weak transition in a straightforward way up to the hadronic matrix elements.
To evaluate the hadronic matrix elements, one needs to invoke models, because they are
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fully governed by the non-perturbative QCD. Since we are dealing with transitions from
Λc to lighter baryons Λ, p, n, etc., we cannot simply use the Isgur-Wise function which
applies only to the transitions between heavy flavors. In terms of the diqaurk picture,
we employ the wave-functions of baryons which are presented in literature to carry out
calculations of the corresponding hadronic matrix elements. They finally are attributed
into two independent form factors.
Another important issue is the FSI effects which may bring up dramatic changes to
the predicted branching ratios. As well known in the meson case, FSI plays a remarkable
role and sometimes is almost crucial [10]. Thus one can believe that in the baryon case,
FSI may also be significant. In fact, our numerical results show that without considering
FSI, the branching ratio of Λc → pπ0 is only of order 10−6. However, Λc → pπ0 can be
realized via Λc → ΛK(K∗)→ pπ0 or Λc → nπ+(ρ+)→ pπ0 inelastic final scattering, and
the resultant branching ratio could reach order of 10−4. The results can be tested in the
future experiments.
Obviously our calculations depend on some phenomenological ansatz and certain pa-
rameters, but all what we adopt in this work have been widely used in literature and most
of them have been tested by experiments to some extent, hence they are somewhat trust-
worthy or at least reasonable. Definitely, our results depend on the chosen parameters,
but not very sensitively. In other words we do not fine-tune the numbers, therefore one
can trust the order of magnitude of the results.
The work is organized as follows. After the introduction, we present our formulation
and meanwhile very briefly review some necessary knowledge. In Sec.III, we give our
numerical results as well as the adopted parameters and the last section is devoted to our
conclusion and discussion.
II. Formulation
The weak effective hamiltonian is written as (for c→ q transition) [9, 12]
Heff =
GF√
2
6∑
i=1
V iCKMci(µ)Oi, (1)
where ci (i = 1, ..., 6) are the QCD modified Wilson coefficients and the operators Oi have
3
the following expressions:
O1 = u¯αγµ(1− γ5)qβ q¯βγµ(1− γ5)cα, O2 = u¯γµ(1− γ5)qq¯γµ(1− γ5)c,
O3 = u¯γµ(1− γ5)c
∑
q′
q¯′γµ(1− γ5)q′, O4 = u¯αγµ(1− γ5)cβ
∑
q′
q¯′βγ
µ(1− γ5)q′α,
O5 = u¯γµ(1− γ5)c
∑
q′
q¯′γµ(1 + γ5)q
′, O6 = u¯αγµ(1− γ5)cβ
∑
q′
q¯′βγ
µ(1 + γ5)q
′
α,
(2)
where α and β are color indices, and q′ = u, d, s. In the Hamiltonian we have omitted
the operators associated with electroweak penguin diagrams.
The corresponding transition matrix elements are
< f |Heff |i >= GF√
2
6∑
i=1
V iCKMci(µ) < f |Oi|i > . (3)
In the limit mc →∞, the baryonic transition matrix element for Λc → f can be formed
as
< f(pf)|q¯γµ(1− γ5)c|Λc(v) >= Uf (pf)[F1(v · pf ) + /vF2(v · pf)]γµ(1− γ5)UΛc(v), (4)
where v is the four-velocity of Λc, q = u, d, s, and Uf and UΛc are Dirac spinors for f and
Λc, respectively. The two form factors F1 and F2 must be evaluated in concrete models.
To calculate the transition amplitude, it is usually assumed that the process only oc-
curs at the heavy quark arm while the light flavor quark (diqaurk) stands as a spectator.
Recent research points out that the non-spectator contributions may be important[3] for
evaluating the lifetimes of B and D mesons. However, following literature, in the exclu-
sive processes, the spectator seems to be fully dominant and it is reasonable to believe
that the evaluation is sufficiently accurate if only the spectator contribution is taken into
account.
In the quark-diquark picture, the two-body baryonic wavefunction can be written as
[13]
ψi(x1,k⊥) = Nix1x
3
2exp[−b2(k2⊥ +m2i (x1 − x0i)2)]. (5)
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where i = Λc, n, p or Λ, x1, x2(x2 = 1 − x1) are the longitudinal momentum components
of the quark and diqaurk, k⊥ is the transverse momentum of the constituents, and Ni is
a normalization factor.
The two form factors F1 and F2 in eq.(4) are related to an overlapping integral of the
wavefunctions of Λc and the produced baryon [13]:
F1 =
2Ef +mf +mq
2(Ef +mq)
CsI(ω),
F2 =
mq −mf
2(Ef +mq)
CsI(ω). (6)
where I(ω) is the overlapping integral of the wavefunctions of Λc and f
I(ω) =
(
2
ω + 1
)7/4
y−9/2[AfK6(
√
2bǫ)]−1/2exp
(
−2b2ǫ2ω − 1
ω + 1
)
×
∫ y− 2bǫ√
ω+1
− 2bǫ√
ω+1
dz exp(−z2)
(
y − 2bǫ√
ω + 1
− z
)(
z +
2bǫ√
ω + 1
)6
, (7)
where y = bmf
√
ω + 1, ω is the velocity transfer and ω = v · pf/mf . Af and K6 are
defined as
Af =
∫ 1
0
dx x6(1− x)2exp[−2b2m2f (x− ǫ/mf )2],
K6(
√
2bǫ) =
∫ ∞
−
√
2bǫ
dx exp(−x2)(x+
√
2bǫ)6. (8)
It is noted that here the limit mc →∞ is taken. In general, according to the Lorentz
structure the transition matrix element of Bi(pi)→ Bf(pf ) is decomposed into the form
〈Bf (pf)|Vµ − Aµ|Bi(pi)〉 = U¯f (pf)[f1(q2)γµ + if2(q2)σµνqν + f3(q2)qµ
−(g1(q2)γµ + ig2(q2)σµνqν + g3(q2)qµ)γ5]Ui(pi), (9)
where q = pi − pf . Comparing eqs. (4) and (9) we have relations
f1(q
2) = g1(q
2) = F1(q
2) +
mf
mi
F2(q
2), (10)
f2(q
2) = g2(q
2) = f3(q
2) = g3(q
2) =
1
mi
F2(q
2). (11)
Finally we reach the following formula:
〈Bf (pf)|Vµ − Aµ|Bi(pi)〉 = U¯f [a1γµγ5 + a2(pi)µγ5 + b1γµ + b2(pi)µ]Ui, (12)
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where
a1 = −[F1(q2) + F2(q2)], a2 = −2F2(q2)/mi;
b1 = [F1(q
2)− F2(q2)], b2 = 2F2(q2)/mi. (13)
The process Λc → pπ0 is Cabibbo-suppressed and the reaction corresponds to the
so-called inner emission which is a color-suppressed process [11]. In terms of the weak
effective hamiltonian we obtain
M(Λc → pπ0) = −GF√
2
VubV
∗
cb
[
(1 +
1
Nc
)(c3 + c4)〈π0|u¯γµ(1− γ5)u|0〉〈p|u¯γµ(1− γ5)c|Λc〉
+(c5 +
c6
Nc
)〈π0|u¯γµ(1 + γ5)u|0〉〈p|u¯γµ(1− γ5)c|Λc〉
−2( c5
Nc
+ c6)〈π0|u¯(1 + γ5)u|0〉〈p|u¯(1− γ5)c|Λc〉
]
+
GF√
2
VudV
∗
cd(c1 +
c2
Nc
)〈π0|d¯γµ(1− γ5)d|0〉〈p|u¯γµ(1− γ5)c|Λc〉
−GF√
2
VubV
∗
cb
[
(c3 +
c4
Nc
)〈π0|d¯γµ(1− γ5)d|0〉〈p|u¯γµ(1− γ5)c|Λc〉
+(c5 +
c6
Nc
)〈π0|d¯γµ(1 + γ5)d|0〉〈p|u¯γµ(1− γ5)c|Λc〉
]
, (14)
where Nc is the effective number of color which includes non-factorizable effects. After
some simple manipulations, it is recast as
M(Λc → pπ0) = −GF√
2
[
VudV
∗
cd(c1 +
c2
Nc
) + VubV
∗
cb(
c3
Nc
+ c4)
] ifπ√
2
U¯p(A
′ +B′γ5)UΛc
+
√
2GFVubV
∗
cb(
c5
Nc
+ c6)(− ifπ
2
√
2
) U¯p(A
′′ +B′′γ5)UΛc
= i U¯p(A+Bγ5)UΛc , (15)
where
A = −GF
2
fπ
{[
VudV
∗
cd(c1 +
c2
Nc
) + VubV
∗
cb(
c3
Nc
+ c4)
]
A′ + VubV
∗
cb(
c5
Nc
+ c6) A
′′
}
,
B = −GF
2
fπ
{[
VudV
∗
cd(c1 +
c2
Nc
) + VubV
∗
cb(
c3
Nc
+ c4)
]
B′ + VubV
∗
cb(
c5
Nc
+ c6) B
′′
}
,
A′′ =
m2π
mu(mc −mu)A
′ , B′′ = − m
2
π
mu(mc +mu)
B′,
6
A′ = b1(mΛc −mp) + b2
m2Λc +m
2
π −m2p
2
, B′ = −a1(mΛc +mp) + a2
m2Λc +m
2
π −m2p
2
,
a1 = −[F1(m2π) + F2(m2π)], a2 = −2F2(m2π)/mΛc ,
b1 = [F1(m
2
π)− F2(m2π)], b2 = 2F2(m2π)/mΛc . (16)
The expressions for Λc → nπ+(ρ+) are similar to that for Λc → pπ0, so we omit the
details and show the result directly,
M(Λc → nπ+) = i U¯n(A+Bγ5)UΛc , (17)
here A,B take values as follows
A =
GF√
2
[VudV
∗
cd(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]fπA
′
−VubV ∗cb(
c5
Nc
+ c6)
√
2GFfπm
2
π
(mu +md)(mc −md)A
′,
B =
GF√
2
[VudV
∗
cd(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]fπB
′
+VubV
∗
cb(
c5
Nc
+ c6)
√
2GFfπm
2
π
(mu +md)(mc +md)
B′, (18)
where A′ and B′ have the same forms as those in eq.(16) with mp being replaced by mn.
In the same way, we have
M(Λc → nρ+) =
GF√
2
[VudV
∗
cd(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]〈ρ+|u¯γµd|0〉〈n|d¯γµ(1− γ5)c|Λc〉. (19)
Finally,
M(Λc → nρ+) = U¯nǫ∗µρ
[
A1γµγ5 + A2(pΛc)µγ5 +B1γµ +B2(pΛc)µ
]
UΛc , (20)
where Ai = aiη, Bi = biη (i=1, 2), and
η =
GF√
2
[VudV
∗
cd(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]fρmρ. (21)
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For Λc → ΛK+(K+∗), the formulas are in analog to those given above. We have
M(Λc → ΛK+)
=
GF√
2
[VusV
∗
cs(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]ifKU¯Λ(A
′ +B′γ5)UΛc
−VubV ∗cb(
c5
Nc
+ c6)
i
√
2GFfKm
2
K
(mu +ms)(m2c −m2s)
U¯Λ
[
(mc +ms)A
′ − (mc −ms)B′γ5
]
UΛc
= i U¯Λ(A+Bγ5)UΛc , (22)
where A,B are given by
A =
GF√
2
[VusV
∗
cs(
c1
Nc
+ c2)− VubV ∗cb(
C3
Nc
+ c4)]fKA
′,
−VubV ∗cb(
c5
Nc
+ c6)
√
2GFfKm
2
K
(mu +ms)(mc −ms)A
′,
B =
GF√
2
[VusV
∗
cs(
c1
Nc
+ c2)− VubV ∗cb(
C3
Nc
+ c4)]fKB
′
+VubV
∗
cb(
c5
Nc
+ c6)
√
2GFfKm
2
K
(mu +ms)(mc +ms)
B′, (23)
with
A′ = b1(mΛc −mΛ) + b2(pK · pΛc) = b1(mΛc −mΛ) + b2
m2Λc +m
2
K −m2Λ
,
B′ = a1(−mΛc −mΛ) + a2(pK · pΛc) = −a1(mΛc +mΛ) + a2
m2Λc +m
2
K −m2Λ
2
.(24)
For Λc → ΛK∗+, we have
M(Λc → ΛK∗+) = U¯Λǫ∗µK∗
[
A1γµγ5 + A2(pΛc)µγ5 +B1γµ +B2(pΛc)µ
]
UΛc , (25)
where Ai = aiη˜ and Bi = biη˜ (i=1, 2), and
η˜ =
GF√
2
[VusV
∗
cs(
c1
Nc
+ c2)− VubV ∗cb(
c3
Nc
+ c4)]fK∗mK∗ . (26)
With all the amplitudes, we can immediately obtain the decay widths and correspond-
ing branching ratios if there were no final state interaction. But in fact, the FSI effects
can drastically change the results. In the following, we will present the formulas for the
FSI effects.
8
❣✑
✑
✑
✑✑
◗
◗
◗
◗◗ ❣
❣
s
✸
Λc
π+
n
ρ+
p
π0
(a)
❣✑
✑
✑
✑✑
◗
◗
◗
◗◗ ❣
❣
s
✸
Λc
ρ+
n
π−
p
π0
(b)
❣✑
✑
✑
✑✑
◗
◗
◗
◗◗ ❣
❣
s
✸
Λc
K+
Λ
K∗−
p
π0
(c)
❣✑
✑
✑
✑✑
◗
◗
◗
◗◗ ❣
❣
s
✸
Λc
K∗+
Λ
K−
p
π0
(d)
Fig.1 The Final State Interaction for Λc → pπ0
Since the final state interactions may change the whole picture for some processes,
one needs to take into account these effects seriously. Unfortunately, the FSI processes
are governed by non-perturbative QCD, so we cannot simply start from any underlying
theory to carry out the computations yet. One could extract valuable information from
data. Theoretically, we may also use some phenomenological approaches to study the
order of magnitude of the FSI effects.
There are several ways to evaluate the FSI. A usually adopted method is the one-
particle exchange model [14] and another one is that in which the produced primary
particles of the decay scatter into the final products via exchanging the Regge poles [15].
The first method is straightforward and simple, and we employ it in this work.
In this method, the effective vertices can be obtained from the chiral Lagrangian [16].
The coefficients in the chiral Lagrangian are obtained directly from data where all external
particles are on their mass shells. Instead, for our case the exchanged mesons or baryons
are obviously off mass shell. To compensate the off-shell effects, one needs to introduce a
form factor at the effective vertices [17].
The Feynman diagrams for the FSI are shown in Fig.1.
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In fact, there are some u-channel diagrams, namely in Fig.1, p and π0 may exchange
positions and the intermediate bosons ρ(K∗) or π(K) are replaced by baryons p or Λ. But a
direct calculation indicates that the u-channel contributions are only at most 10−3 ∼ 10−2
of the t-channel, so we omit the u-channel part in later calculations for simplicity.
Moreover, the direct decay of Λc → pπ0 is color suppressed compared to Λc → nπ+ etc.,
and hence has smaller amplitudes. Thus we only consider Λc → nπ+, nρ+,ΛK+,ΛK+∗ →
pπ0, but not the opposite directions.
For Λc → pπ0, the amplitude with final state interactions can be written as
AFSInπ+→pπ0 =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
(2π)4δ4(p1 + p2 − pΛc)
·A(Λc → nπ+)〈nπ+|S|pπ0〉, (27)
where for clarity, we set p1 = pn, p2 = pπ+ , p3 = pp and p4 = pπ0 . In terms of the Cutkosky
cutting rule[18], we can easily calculate the inelastic scattering amplitude.
The effective ρNN has the following form [22]:
LρNN = gρNN ǫµρN¯
(
γµ + κρ
iσµνq
ν
2mN
)
N. (28)
With this vertex, we have
AFSInπ+→pπ0 =
1
2
∫
d4p1
(2π)2
δ(p21 −m2)δ(p21 −m2)
iF (k2)gρNNgρππ
k2 −m2ρ
U¯p(p3)ǫ
µ
ρ
(
γµ + κρ
iσµνq
ν
2mN
)
·ǫ∗αρ (p2 + p4)α(/p1 +m1)i(A+Bγ5)UΛc(pΛc). (29)
Here F (k2) is a form factor[20, 21]. In fact, the effective couplings at the vertices are
obtained from real processes where all particles are on mass shell, but in our case, at
least one of the particles (the exchanged ρ meson) is off shell. Therefore, we introduce
this form factor as a compensation to the off shell effects. Following the literature, in our
calculation we take
F (k2) =
[
(α2 −m2ρ)/(α2 − p2ρ)
]2
,
where α is a parameter.
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The explicit expressions for AFSInπ+→pπ0 as well as those for other inelastic final state
interactions, Λc → nρ+ → pπ0, Λc → ΛK+ → pπ0 and Λc → ΛK∗+ → pπ0, are rather
complicated, so we collect them in the appendix.
III. The numerical results
As inputs, we take the ci’s in the weak effective Lagrangian from literature [9, 19] where
the renormalization is carried out to one-loop level:
ci(mc) < Oi(mc) >= c
′
i < Oi >
tree,
where c′i are effective Wilson coefficients.
In the wavefunction ψi(x1,k⊥), we take b = 1.77 GeV and 1.18 GeV corresponding to
< k2⊥ >
1/2= 400 MeV and 600 MeV, respectively. x0i(x0i = 1 −mD/mi, i = Λc, n or Λ)
is calculated with the diquark mass mD being taken the value of 600 MeV. We let the
parameter α in the form factor F (q2, α) vary in a reasonable region. The results are not
very sensitive to these parameters as shown below.
We also set mu ∼ md ∼ 10 MeV, ms = 150 MeV, mc = 1.35 GeV. For the hadron
decay constants, fπ = 132 MeV, fK = 160 MeV, fρ = 210 MeV, and fK∗ = 221 MeV.
The CKM entries are in the Wolfenstein parametrization and all values are taken from
the Particle Data book.
a. Without the final state interaction.
We first present the numerical results when the FSI effects are turned off. The numer-
ical results are shown in Table.1 and Table.2.
Products pπ0 nπ+ nρ+ ΛK+ ΛK∗+
b = 1.77 F1 0.207 0.209 0.264 0.301 0.384
GeV F2 -0.0533 -0.0538 -0.0730 -0.0728 -0.0989
b = 1.18 F1 0.145 0.146 0.165 0.208 0.236
GeV F2 -0.0372 -0.0375 -0.0456 -0.0503 -0.0609
Table 1. The form factors F1 and F2 as b takes two values.
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Branching ratos pπ0 nπ+ nρ+ ΛK+ ΛK∗+
b = 1.77 GeV 4.35× 10−6 2.10× 10−4 3.57× 10−4 3.86× 10−4 4.91× 10−4
b = 1.18 GeV 2.14× 10−6 1.03× 10−4 1.39× 10−4 1.84× 10−4 1.85× 10−4
Table 2. The branching ratios. Here we have τΛc = 0.206 ps [27].
b. Taking the FSI effects into account.
The coupling constants of the strong interaction at the vertices take the values gK∗Kπ =
5.8, gρππ = 6.1 [20, 26], gρNN = 2.5, κρ = 8.0 [22], gπNN = 13.6 [23], gKΛN = −10 [24].
To determine the coupling gK∗ΛN , we assume the equality gK∗ΛN/gρNN = gKΛN/gπNN .
In the compensation form factors F (α), the parameter α takes values in the reasonable
region[17, 20, 26] as 1.2− 2.0 GeV. In our concrete calculations, we employ α = 0.9 GeV,
1.0 GeV, and 1.2 GeV, respectively. From [24] we have |gKΛN/gKΣN | = 12, thus we do
not need to consider the contribution of Λc → ΣK to Λc → pπ via final state interaction.
The calculations are done for the case of maximum interference.
The numerical results with FSI effects are listed in table 3.
without with FSI effects
FSI effects α = 0.9 GeV α = 1.0 GeV α = 1.2 GeV
b = 1.77 GeV 4.35× 10−6 3.14× 10−4 2.92× 10−4 3.55× 10−4
b = 1.18 GeV 2.14× 10−6 1.20× 10−4 1.11× 10−4 1.50× 10−4
Table 3. The branching ratio of Λc → ppi0 with and without the FSI effects.
IV. Conclusion and discussion
It is widely recognized that non-perturbative QCD is, so far, an unsolved problem, but
it is entangled with the effects of the fundamental mechanisms. We need to explore its
properties in the phenomenological studies and gradually get better understanding of it.
The processes where only mesons are involved have been carefully investigated, includ-
ing the final state interactions, even though there is still no way to evaluate them exactly
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from underlying theory. On the other hand, for the baryon case, the situation is more
complicated because there are three valence quarks in a baryon.
It is reasonable to consider the diquark structure in baryons, which may be one of the
possible configurations of three quarks. For a heavy baryon with one heavy quark and
two light quarks, the two light flavors constitute a color 3¯ diquark where the interaction
is attractive, and the heavy one acts as a color field source. This configuration may be
expected as the dominant one. Thus in this work we employ this physical picture to carry
out the calculations. Definitely, this configuration does not possess 100% probability, so
we might introduce a phenomenological parameter which is less than unity, but close to,
for describing the deviation. Therefore, the branching ratios we obtained in the text must
be multiplied by this parameter. However, the relative ratios of Λc → pπ0 to Λc → nπ+
does not depend on it and this fact can be tested in experiments. As a matter of fact,
some authors also used the diqaurk picture to evaluate the decays of heavy flavors to
lighter ones recently [25].
Moreover, it is easy to accept that in the spectator picture, the heavy quark turns into
a lighter one, there could be a possibility that a light quark in the light diquark breaks
out and combines with the newly produced quark to constitute another diquark. But
from the physics intuition, this probability should be smaller than retaining the original
diquark structure as spectating the heavy quark turn into a light one, so we assume that
the light diquark serves as a spectator and does not change after the weak transition.
When we calculate weak transitions, we use the factorization ansatz, which is not
accurate. Therefore the absolute values of the obtained branching ratios may decline
from the real values by a certain amount. But according to the information we have
learned in the meson case, for such exclusive processes, factorization works. We will
pursue this problem in our later works.
In this work, we show that the FSI effects are important, not only for the meson cases,
but also for baryon-involved processes. It is indicated that without considering the FSI,
the estimated branching ratio of Λc → pπ0 is almost two orders smaller than that of
Λc → nπ+, but with FSI, they could have the same order. The numerical results show
that the theoretically calculated values depend on the parameters α and b in the model
employed here. This originates from the lack of knowledge of non-perturbative QCD, and
13
we cannot fix them at present. However, as long as they fall in a reasonable region, the
order of magnitude does not change.
For evaluating the FSI effects, we only consider the absorptive part of the triangle
diagram. It is the real final state process because both hadron which are produced via
the weak transition are on their mass shell. But definitely, the dispersive part of the
triangle which needs to be renormalized would also bring up some effects and we ignore
them in this calculation. Higher order FSI may also play roles and it can induce a strong
phase and cause CP violations. We have investigated the possible CP violation in the
meson case [20, 21] because there are data about the scattering amplitude and phases. In
this concerned case, it is impossible to carry out accurate calculation yet, so we can only
trust it to the order of magnitude.
By including the final state interaction, we show that the branching ratios of Λc → pπ0
could be greatly enhanced by almost two orders and it is similar to the meson case, as
D0 → K0K¯0 is much suppressed compared to D0 → K+K−, but measurements indicate
that they are at the same order. This is obviously due to the FSI effects. Therefore when
we evaluate the processes for baryons, we cannot ignore the FSI, as we understand in the
meson case.
As pointed out above, many uncertainties exist in the theoretical calculations, so for
a better understanding, we need more data as well as a more reliable theory for the non-
perturbative QCD. Fortunately, the BEPC, CLEO and other high energy accelerators
such as the B-factory and even TEVATRON and LHC will provide much more data in
the future and we will be able to use them to determine the parameters involved in the
phenomenological models and surely test the model itself.
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Appendix
In this appendix we present some details of the formulation about the final state in-
elastic scattering amplitudes.
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(1) For Λc → nπ+ → pπ0,
AFSInπ+→pπ0 =
1
2
∫
d4p1
(2π)2
δ(p21 −m2)δ(p21 −m2)
iF (k2)gρNNgρππ
k2 −m2ρ
·U¯p(p3)
{[
− 4pΛc · p1 +m21 −
κρ
mN
(m21/p3 −m21/pΛc − 2pΛc · p1/p3)−
m21(m
2
2 −m24)
m2ρ
]
+m1
[
− (2/pΛc − /p3) +
κρ
mN
(p2 · p4 −M2 + 2pΛc · p1 + /p3/pΛc)
+
(m22 −m24)
m2ρ
/p3
]}
i(A +Bγ5)UΛc(pΛc)
=
1
2
∫
d4p1
(2π)2
δ(p21 −m2)δ(p21 −m2)
iF (k2)gρNNgρππ
k2 −m2ρ
·U¯p(p3)i(AHa1 +BHa2γ5)UΛc(pΛc);
=
∫ 1
−1
d(cosθ)|−→p 1|
16πM
iF (k2)gρNNgρππ
k2 −m2ρ
U¯p(p3)i(AH
a
1 +BH
a
2γ5)UΛc(pΛc), (30)
where θ is the angle spanned between p1 and p3, k
2 = (p1 − p3)2 = m21 +m23 − 2E1E3 +
2|−→p 1||−→p 3| cos(θ), and |−→p 1| = λ1/2(M2, m21, m22)/(2M). λ(x, y, z) = x2 + y2 + z2 − 2xy −
2yz − 2xz is the well-known function.In the above expression, A,B take the values in
Eq.(18) and Ha1 , H
a
2 are
Ha1 =
[
− 4pΛc · p1 +m21 −
κρ
mN
(m21m3 −m21M − 2pΛc · p1m3)−
m21(m
2
2 −m24)
m2ρ
]
+m1
[
− 2M +m3 + κρ
mN
(p2 · p4 −M2 + 2pΛc · p1 +m3M) +
(m22 −m24)m3
m2ρ
]
,
Ha2 =
[
− 4pΛc · p1 +m21 −
κρ
mN
(m21m3 +m
2
1M − 2pΛc · p1m3)−
m21(m
2
2 −m24)
m2ρ
]
+m1
[
2M +m3 +
κρ
mN
(p2 · p4 −M2 + 2pΛc · p1 −m3M) +
(m22 −m24)m3
m2ρ
]
.
(2) For Λc → nρ+ → pπ0 we have similar expressions
AFSInρ+→pπ0 =
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
(2π)4δ4(p1 + p2 − pΛc) · A(Λc → nπ+)〈nρ+|S|pπ0〉
=
1
2
∫
d4p1
(2π)2
δ(p21 −m2)δ(p21 −m2)
iF (k2)gπNNgρππ
k2 −m2π
iU¯p(p3)γ5(/p1 +m1)
·ǫµρ(k + p4)µǫ∗νρ
[
A1γνγ5 + A2(p1)νγ5 +B1γν +B2(p1)ν
]
UΛc , (31)
where p1 = pn, p2 = pρ+ , p3 = pp and p4 = pπ0 . Eq.(31) is recast as
AFSInρ+→pπ0 =
1
2
∫
d4p1
(2π)2
δ(p21 −m2)δ(p21 −m2)
iF (k2)gπNNgρππ
k2 −m2π
iU¯p(p3)[Ab +Bbγ5]UΛc
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=
∫ 1
−1
d(cosθ)|−→p 1|
16πM
iF (k2)gπNNgρππ
k2 −m2π
iU¯p(p3)[Ab +Bbγ5]UΛc , (32)
and Ab, Bb are defined as
Ab = 2m1
{
A1(M −m3) + A2p1 · (p3 − pΛc) +
p2 · p4
m22
[
−A1M + A2p1 · (pΛc − p1)
]}
+2
{
2p1 · p3A1 − p2 · p4
m22
m21A1
}
,
Bb = 2m1
{
B1(−M −m3) +B2p1 · (p3 − pΛc) +
p2 · p4
m22
[
B1M +B2p1 · (pΛc − p1)
]}
+2
{
2p1 · p3B1 − p2 · p4
m22
m21B1
}
.
and Ai = aiη, Bi = biη (i = 1, 2).
(3) For Λc → ΛK+ → pπ0, we have similar expressions
AFSIΛK+→pπ0
=
1
2
∫
d3p1
(2π)32E1
d3p2
(2π)32E2
(2π)4δ4(p1 + p2 − pΛc) · A(Λc → ΛK∗+)〈ΛK+|S|pπ0〉
=
∫ 1
−1
d(cosθ)|−→p 1|
16πM
iF (k2)gK∗NΛgK∗+Kπ
k2 −m2K∗
U¯p(p3)i(AH
c
1 +BH
c
2γ5)UΛc(pΛc), (33)
where A,B take the values in Eq.(23) and Hc1, H
c
2 are
Hc1 =
[
− 4pΛc · p1 +m21 −
2κ′ρ
mN +mΛ
(m21m3 −m21M − 2pΛc · p1m3)−
m21(m
2
2 −m24)
m2K∗
]
+m1
[
− 2M +m3 +
2κ′ρ
mN +mΛ
(p2 · p4 −M2 + 2pΛc · p1 +m3M) +
(m22 −m24)m3
m2K∗
]
,
Hc2 =
[
− 4pΛc · p1 +m21 −
2κ′ρ
mN +mΛ
(m21m3 +m
2
1M − 2pΛc · p1m3)−
m21(m
2
2 −m24)
m2K∗
]
+m1
[
2M +m3 +
2κ′ρ
mN +mΛ
(p2 · p4 −M2 + 2pΛc · p1 −m3M) +
(m22 −m24)m3
m2K∗
]
,
where κ′ρ is from the interaction vertex of (28) and we have p1 = pΛ, p2 = pK∗+, p3 = pp,
p4 = pπ0.
(4) For Λc → ΛK∗+ → pπ0,
AFSIΛK∗+→pπ0
=
1
2
∫ d3p1
(2π)32E1
d3p2
(2π)32E2
(2π)4δ4(p1 + p2 − pΛc) · A(Λc → ΛK∗+)〈ΛK∗+|S|pπ0〉
=
∫ 1
−1
d(cosθ)|−→p 1|
16πM
iF (k2)gKΛNgK∗+Kπ
k2 −m2K
iU¯p(p3)[Ad +Bdγ5]UΛc , (34)
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where p1 = pΛ, p2 = pK∗+, p3 = pp and p4 = pπ0 . Ad, Bd are defined as
Ad = 2m1
{
A1(M −m3) + A2p1 · (p3 − pΛc) +
p2 · p4
m22
[
−A1M + A2p1 · (pΛc − p1)
]}
+2
{
2p1 · p3A1 − p2 · p4
m22
m21A1
}
,
Bd = 2m1
{
B1(−M −m3) +B2p1 · (p3 − pΛc) +
p2 · p4
m22
[
B1M +B2p1 · (pΛc − p1)
]}
+2
{
2p1 · p3B1 − p2 · p4
m22
m21B1
}
,
and Ai = aiη˜, Bi = biη˜ (i = 1, 2).
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